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GROUND WATER RESOURCES AND THEIR 
CONSERVATION 


THE WATER-YIELDING {LS ee 
ABILITY _OF SILT 5,5 ANDS, The JOURNAL hopes 

GRAVELS, SANDSTONE : 

\ND LIMESTONE that its readers have had 
a good year and are all 
set for 1953. 

During the past year 
we have gained many 
new customers and are 
deeply appreciative of 
the increasing interest in 
the use of Johnson 
Screens. 

We look forward to hav- 
ing the pleasure of again 
serving all of our custom- 
ers both old and new in 
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Two other minor forces also 
affect the yielding ability of silt, 
sand, and gravel formations. They 
are capillarity and viscosity. The 
two forces are not too important 
as far as well drillers are con- 
cerned, but it is well to know about 
them. Capillarity is the force that 
‘auses water to rise upward in a 
porous formation. It varies with 
different formations but is always 
found for a few feet above the 
water table. This water cannot be 
recovered so far as we know, neith- 
er can we explain the forces caus- 
ing the rise. 

Viscosity is rather hard to define 
as it is the force that holds the 
molecules of water together when 
it is in motion. It varies with 
temperature but it can be disre- 
garded as far as ground water and 
well drillers are concerned. 

We are now back to the most 
important factor of all, namely, 
water-yielding ability or perme- 
ability. First, we must consider 
the path of a particle of water as 
it approaches a well. It is a twist- 
ing turning path through the open- 
ings in the formation The 
openings vary from very small to 
relatively large and the surfaces of 
the formation particles vary from 
smooth to rough. Water may flow 
through the formation easily in a 
solid mass or it may have a hard 
time getting through at all. 

In a general way, the flow of 
water through a formation is 
similar to the flow of water 
through a pipe. If the friction loss 
in a pipe increases with the square 
of the velocity, we may also say 
the same is true in a sand forma- 
tion. This means that if velocity 
is doubled, the loss from friction is 
increased four times. Likewise, if 
we may say that the speed of a 
stream of water increases as the 
open area of the pipe decreases, we 
may also say that velocity of water 
flowing through a sand vein in- 
creases as the porosity decreases, 
or as the grain size decreases. This 
explains why the finer sand forma- 


tions do not yield as easily as the 
coarse ones. Actually the openings 
through a sand formation are noth- 
ing more or less than a complex 
series of small pipe-like channels 
and many of our conclusions about 
the flow of water through sands 
are based on the laws governing 
the flow of water through pipes. 

Not many realize the full sig- 
nificance of porosity and the size 
of grains making up a water-bear- 
ing formation. For instance, a pail 
filled with round particles of sand 
all exactly 1/1000th of an inch in 
diameter will take just as much 
water as it would if filled with 
baseballs. Therefore, the size of 
particles does not determine 
porosity, but we know that water 
will flow through a pail full of base- 
balls faster than it will through a 
pail full of sand. The difference in 
flow is due to friction losses en- 
countered due to the difference in 
size of the particles. 

These facts are important not 
only from the standpoint of yield, 
but in the matter of screen slot 
openings and development work 
after a screen has been installed. 

Getting back to the funda- 
mentals of permeability or the 
yielding ability of a sand-gravel 
formation, we realize that this is 
something that is not entirely a 
matter of porosity or of velocity of 
flow, but of many factors which 
are not easily determined. What 
we have in a sand-gravel formation 
or any unconsolidated formation, 
for that matter, is rock sponge. 
Some authors refer to this as a 
“porous media.” Regardless of 
what we call it, the average silt, 
sand, and gravel formation is a 
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mixture of all sizes of particles, the 
whole containing many openings 
of various shapes and _ sizes, 
through which water can flow. In 
other words, a porous formation 
may be made up of unconsolidated 
silts, fine sands, and gravels, in- 
cluding some consolidated forma- 
tions such as sandstone, limestone, 
and the porous lava rocks. 

Many scientists, hydrologists, 
engineers, and others have spent 
much time on the subject of 
permeability and how to determine 
it. We all know that solid rock 
cannot hold or transmit water and 
that a rock with openings that are 
not connected has little or no 
ability to transmit water. Clays 
and shales may hold water but the 
openings in these formations are 
so small that they do not transmit 
water even under high pressures. 
It is the sands and gravels that are 
the most permeable as they are 
composed of particles of such size 
that molecular attraction does not 
extend the openings 
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F—Solid rock rendered porous by fracturing. 





The picture on the left shows the relative 


ze of the larger particles which were actually 
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tween them. Water, therefore, can 
flow through such a formation 
under any pressure or head placed 
upon it. The rree of permeabil- 
ity differs widely depending on the 
actual porosity and size 
of particles making up the forma- 
tion. 
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thing, ground water moves slowly 
through a 
solid sheet or mass 


Aas 
how, 


flow 


formation as a 

This is called 
laminar There are formations 
and conditions under which ground 
water much 
it to 
called 


porous 


moves faster causing 
turbulent. This is 
turbulent flow. When the 
is such that the 
flow changes from laminar to tur- 
bulent calied 
velocity 


The 


become 
rate of movement 


flow, this is 


critical 


results of all experiments 
brought out a rule for calculating 
critical velocities but the well 
driller is more interested in actual 
field velocity in natural sand and 
ations than in critical 
Tolman in his book on 
“Ground Water” gives the follow- 
ing average velocities of granular 


materials in feet 


gravel forn 


velocities 


per day as: 
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It will be noticed that ground 
water velocities are much lower 
than many people think and that 
tubulent flow is practically impos- 
sible in an ordinary sand-gravel 
formation. This answers the ques- 
tion so often raised as to “how fast 
ground water move.” It 
might be of interest to know that 
the most permeable material test- 
ed by the U. S. Geological Survey 
was a gravel. Under a head of 
10-feet per mile the rate of move- 
ment was 60-feet per day. The 
lowest rate that has been observed 
was 1-foot in ten years. It is a 
safe bet that in all formations 
from which wells obtain water the 
rate of flow is generally not great- 
er than 5-feet a day and not less 
than 5-feet a year. 
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Another question often raised is 


“How much water is there below 
the earth’s surface?” Estimates 
have been made of this as ranging 
from a thickness of 100-feet to one 
of several thousand feet. Of the 
water actually present below the 
surface, probably not more than 
one-half is available to flow from 








The picture above is the original mixture in 
which the particles vary from very fine to 
particles averaging 4 inch in diameter 


wells or springs. Of the total 
amount of water below the sur- 
face, only part is fresh water free 
to circulate and a still smaller part 
of this can be recovered by wells or 
otherwise for human use. 


In spite of this, the quantity of 
water that is available for use is so 
great that we cannot foresee of its 
ever being depleted by human re 
quirements or users. Some forma 
tions function as conduits and oth 
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ers as reservoirs but all have a cer- 
tain capacity for the storage and 

transmission of water. 

As water moves through a for- 
mation, there is friction set up by 
the formation. The energy to over- 
come this friction and keep the wa- 
ter moving is provided by pressure 
and is indicated by the gradient or 
slope of the water table. Water 
may move in all directions during 
its travels through a formation but 
it always winds up at a lower ele- 
vation so long as it is flowing. To 
finally determine permeability, it 
is now generally accepted that 
Darcy's law governs the relation 
between rate of flow, water table 
slope and permeability. Various 
equations or formulas are available 
for the calculation of permeability 
from sieve analysis of sands and 
measurements of pressure and 
time required to pass a given 
amount of water through a forma- 
tion sample. The mathematics in- 
volved are too complicated for the 
average well driller and the appa- 
ratus used is of several types. Suf- 
ficient to say that the coefficient 
of permeability can be determined 
in the laboratory. It is defined as 
the rate of flow in gallons per day, 
through a square foot of formation 
cross-section, under a gradient of 
100%, at 60° F. temperature. The 
. a” 
Tah 
anyone is interested, “q” is the 
quantity of water, “l’ the column 
length of the sample, “t’’ the cor- 
rection for temperature, and “T” 


general formula is P 


the time, “a” the cross-section area 
of the sample, and “h” the head 
The term coefficient of transmissi- 
bility has now been adopted to de- 
note the characteristics of an en- 
tire well field. 

It might be mentioned that no 
matter how carefully coefficients 
are determined in the laboratory 
they should be used with judg- 
ment when applied to quantity es- 
timates, otherwise the results may 
be misleading and erroneous. A 
much better method of determin- 
ing transmissibility is the field 
method first developed by Thiem 
and enlarged by Wenzel in 1931 
and Theis in 1935. Using their 
methods an actual test of field con- 
ditions is made by pumping a cen- 
tral well and observing the effect 
on other wells in the area. Theis 
developed a formula known as the 
“non-equilibrium” formula for de- 
termining the coefficient of trans- 
missibility. This formula takes in- 
to consideration the time element 
and the withdrawal of water from 
storage. It is based on certain geo- 
logic assumptions and the fact that 
recharge toa formation must 


equal discharge before an equilib- 
rium can be reached. Theis based 
his reasoning on the fact that the 
average rate of discharge of water 


from a formation during recent 
geologic time has been equal to the 
rate of input into it. This means 
that a body of ground water unless 
disturbed by pumping is in an ap- 
proximate state of equilibrium. If 
now a well is constructed in such a 
body of water, the discharge from 
it will upset the state of equilibri- 
um and must be balanced by re- 
charge or an increase of water into 
the aquifer, a decrease in the 
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amc ut of water flowing out, or a 
loss of stored water, or by a com- 
bination of all three. 

A field method of determining 
the hydraulic and hydrologic prop- 
erties of a well field based on the 
“non-equilibrium” formula has 
been worked out for the practical 
solution of such problems. The 
data can be analyzed and values 
found for the coefficient of trans- 
missibility for the aquifer, the 
specific yield of the pumping well, 
and the extent of the cone of de- 
Under some conditions 
the data will also give an indication 
of the drawdown that may be ex- 
pected in the future, the existence 
of barriers limiting the extent of 
the field, and the existence of 
sources of replenishment or re- 
charge that may not otherwise be 
apparent. 

Regardless of the formulas or 
methods used, the determination 
of permeability is far more com- 
plicated than the average well 
driller or engineer realizes. It is 
only after extensive study and ex- 
perimentation that one should at- 
tempt to make such determina- 
tions and use them in hydraulic 
calculations. No method has been 
devised as yet whereby permeabil- 
ity can be determined from porosi- 
ty, sieve analysis, size and shape 
of formation particles. 

The only way to determine the 
total effect of these factors was by 
means of a pumping well which 
would change the pressure gradi- 
ent. This would naturally be re- 
flected in the water levels between 
nearby wells and the areas of re- 
charge or discharge 

Every water bed has two physi- 
cal properties which largely con- 
trol the movement of water 
through it; (1), permeability or 
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ease with which it transmits water; 
and (2) the amount of water that 
will be taken from storage when 
the head in the bed is reduced by 
pumping. Theis worked out a for- 
mula for this which is too compli- 
cated and technical to be used in a 
practical way. However, the devel- 
opment of the formula and its use 
has been the means of determining 
the transmissibility and storage 
characteristics of many ground 
water developments. 

As a matter of fact, a number 
of techniques have been worked 
out using the basic theory of Theis 
as a guide. These techniques are 
based on the operation of a well 
that can be pumped continuously 
for a few days at a constant dis- 
charge, one o1 observation 
wells well located at some distance 
from the pumped well, accurate 
means of measuring the rate of 
pumping, the drawdown in the ob- 
servation well or wells and the 
pumped well. The information se- 
cured from such a test carefully 
carried out can be used to deter- 
mine the coefficient of transmissi- 
bility of the field, the specific yield 
of the pumped well and the extent 
of the cone of depression. Under 
certain conditions other important 
information will be given by the 
data. 

In view of the fact that there is 
no established technique for mak- 
ing such tests and the background 
is still rather hazy on account of 
the mathematics and technique in- 
volved, it will be some time before 
well drillers can make much practi- 
cal use of the formula. The one 
thing that is apparent at this time 
is that the non-equilibrium meth- 
od of determining the hydrologic 
and hydraulic characteristics of a 


more 


well field is probably the most ac 
curate and reliable method yet de- 
vised by students of the subject 


It is occasionally necessary to 
determine the permeability of wa- 
ter-bearing formations in place, 
either to plan the type and number 
of wells required to vield a given 
amount of water indefinitely, or to 
prove that wells already construc- 
ted are delivering the full yield of 
a formation. In any event, such 
work requires skill and experience 
on the part of the well driller, 
coupled with the necessary know- 
ledge of the scientific principles in- 
volved. 

So far we have been discussing 
the permeability of porous forma 
tions such as silt, sand, and gravel, 
and the porous rock formations 
Solid rock formations are also 
permeable but in a different way 
These formations are permeable to 
the extent that they contain fis 
sures, fractures, solution channels, 
and openings of that type. Perme- 
ability is therefore dependent on 
the size of these openings and 
whether they are connected with 
each other or not. 

Some limestones are highly per- 
meable while others yield little o1 
no water. As a matter of fact, 
some limestones become permeable 
with time due to solvent action of 
the water increasing the solution 
channels. For example, some of the 
limestones found in Florida are 
highly permeable, while those 
found in Kentucky, Tennessee, 
lowa, and other places may yield 
water at certain depths and none 
at others, depending on the rock 
structure. There is no way of de 
termining the permeability of con 
solidated or hard rock formations 
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one of them acts different 
ly as far as permeability is con- 
cerned. About the only way per 
meability can be estimated in a 
limestone formation, is to observe 
the water levels in several wells 
which will tell whether the water 
present is under artesian or water 
table conditions. Pumping tests 
will show whether the formation is 
sufficiently permeable to support 
steady pumping or not and if so, 
its effect on the water in the for 
mation 


as eac! 


When thinking of permeability, 
it is well to recall the 
that decrease permeability 
with that increase it. D1 
George A. Thiel, Department of 
Geology, University of Minnesota, 
covers this subject in the follow 
ing statement: “many porous rock 
formations may have their porosi 
ty decreased by any one or more 
of the following processes 


processes 
along 


those 


“Compaction—as soon as a sedi 
mentary material is deposited, 
compaction and lithification (ce 
mentation and _ recrystallization) 
begin under the weight of the 
overlying materials. Newly deposi- 
ted delta sediments may have a 
porosity of from 80 to 90 per cent, 
but after more sediment has been 
laid down over them, they become 
compacted and porosity drops to 
about 40 per cent. This process 
may continue long after burial, 
and the resulting shale may have 
its porosity reduced to than 
3 per cent 

“Deflocculation of Clays 
clay and subsoils are some 
what pervicus, owing to the ag 
gregate grain structure produced 
by flocculated colloidal particles 
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Later such soils may become de- 
flocculated and thus become almost 
impervious. Such _ deflocculation 
may also be produced by chemical 
reaction of the solutions. In 
most areas the soil is deflocculated 
at depths of 10 to 15 feet by the 
weight of overlying materials. 

“Cementation—during the lithi- 
fication of sediments much materi- 
al is precipitated in the pore spaces 
between the original mineral 
grains. Such cements as calcium, 
carbonate, silica, iron oxides, and 
pyrite may reduce the porosity 
from 30 per cent to 5 per cent and 
sometimes to even less than 1 per 
cent. 

“Metamorphism the small 
openings left in sedimentary rocks 
following cementation may be fur- 
ther reduced and in some cases al- 
most completely destroyed by met- 
a morphism. This process produces 
recrystallization of the mineral 
grains, and molecular rearrange- 
ment may produce a recrystallized 
rock with very few 


! 
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pore Spaces 

“Weathering—many crystalline 
and thoroughly cemented sedimen- 
tary rocks may be more porous by 
weathering. However, weathering 
may also destroy openings and dis- 
integrate rock particles into clay 
residues that porosity. 
Even coarse gravels may be almost 
impervious by the conversion of 
some of the pebbles into clay resi- 
dues that filled the original pore 
spaces.” 
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EDITOR’S NOTE: 

The series of articles or Water 
Resources and Their Conservation which 
has been running in this Journal since the 
September-October 1946 issue is concluded 
with this number 
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In preparing these 

erence books and publications have 

used 

these authorities on Ground Water 

C. F. Tolman—-Ground Water—First Edi 
tion, McGraw-Hill Book Company, 1937 

R. F. Legget—-Geology and Engineering 
First Edition, McGraw-Hill Book Corn 
pany, 1939 

D. W. Mead —Hydrclogy Secor 
McGraw-Hill Book (¢ 

Russell C. Hussey Historical 
First Edition, McGraw-Hill 
pany, 1924, 
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articles, various 


peer 
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COLORADO 

The doctrine of appropriation is 
exclusive for all “natural streams” 
the riparian doctrine has been re- 
pudiated under the “Colorado doc- 
trine.” The statutes provide that a 
landowner may use spring or seep- 
age water arising on his property 
if capable of being put to use there, 
but that which would be tributary 
to a stream if not diverted is sub- 
ject to prior rights on the stream. 
If the flow is shown not to con- 
stitute a natural watercourse it 
may used by the landowner. 
“Percolating waters” tributary to 
a surface watercourse are subject 
to appropriation. It is not certain 
what rule would be applied to “per- 
colating waters” not tributary to 
a watercourse, if there are any 
such waters, but in all litigation so 
far involving “pereolating waters” 
they have been held subject to ap- 
propriation. 

\ bill providing specifically for 
a ground-water code based on the 
principle of public ownership 
availability for appropriation of all 
waters except “springs not contrib- 
uting to a natural stream,” was in- 
troduced in the State legislature in 
1947 but failed to pass. 

CONNECTICUT 

No general statutory control of 
the diversion of water, but the Gen- 
eral Assembly has granted sucl 
rights in specific cases, such as for 
public water supply. Presumably 
the riparian doctrine would be fol- 
lowed for surface water. A court 
decision reached in 1939, or per- 
haps somewhat earlier, applied the 
Englisn rule in permitting with- 
drawal of “percolating water” from 
wells by the Cromwell Water Com- 
pany for export from the drainage 
basin of Dividend Brook, notwith 
standing the claim by the Hartford 
Rayon Corporation that the water 
contributed to the flow of the 
brook, the full flow of which was 
used and needed by the corpor 
ation. The Board of Health of the 
city of New Haven has a regula- 
tion, effective August 15, 1936, re 
quiring permits for the construc- 
tion of wells but it relates entirely 
to sanitary aspects and not to con 
servation of ground water. 

DELAWARE 


No statutory control of diversion 
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ELECTRIC TAPE FOR MEASURING WATER 
LEVELS IN WELLS 
By 
Stanley E. Norris, Geologist, U. S. G. S. 


For a long time there has been 
a need for anaccurate, reliable, 
and convenient electric tape with 
which to measure the depth to wa- 
ter levels in wells. The search for 
such an electric tape has, over a 
good many years, produced many 
different types of sounding lines 
and indicating devices. Most of 
these were for special applications 
rather than general use, and all 
have disadvantages with respect to 
their use in certain well installa- 
tions or to the precision of the wa- 
ter-level data obtained. None has 
been generally satisfactory. 

It is the purpose of this paper to 
describe an electric tape designed 
by the author for use in his work 
as geologist, Ground Water 
Branch, U. S. Geological Survey. It 
is believed that this tape will prove 
to be the answer for most pur- 
poses. It should be ideal for mak- 
ing water-level measurements in a 
well survey. It should be equally 
satisfactory for making measure- 
ments during most pumping tests, 
particularly where frequent in- 
stantaneous measurements are 
needed in the first few minutes of 
a test, such as for identifying and 
locating aquifer boundaries. These 
conclusions are based on tests 
made with the tape in Ohio. It is 
hoped that this article will interest 
others to the extent that they will 
construct similar models and put 
them to different tests in other 
parts of the country to see wheth- 
er the author’s claims for the de 
vice are valid in all cases 
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Photograph of electric tape 


Design of the author's electric 
tape, as of most other electric tapes, 
is based on the fact that all ground 
water contains mineral salts in so- 
lution. In Ohio dissolved solids in 
ground water typically range from 
200 to 400 parts per million. Gen- 
erally these dissolved salts include 
compounds of all the common met- 
als, such as magnesium, aluminum, 
zine, iron, nickel, tin, lead, and cop- 
per, listed here in the order that 
they appear in the electromotive 
series of elements. When a metal is 
placed in water that contains salts 
of the metal in solution, the metal 
forms one pole of an electrolytic 
cell, and an electromotive force is 
set up between the metal and the 
solution. The relative magnitude of 
the electromotive force, and the 
polarity of the metal used as the 
electrode, can be determined from 
the electromotive series. For the 
metals commonly found in ground 
water, magnesium is highest on 
the electropositive side, copper is 
lowest on the electronegative side. 
Iron is nearly neutral. 

The electromotive force devel- 
oped when, for example, magne- 
sium is placed in the water in a well 
can be detected by connecting a 
sufficiently sensitive electrical me- 
ter between the magnesium and 
the ground, or between the mag- 
nesium and the well casing. On the 
basis of this fact, the author con- 
structed an electric tape of only 
four components. They are: 1. A 
standard steel tape; 2. O-1 DC mil- 
liammeter; 3. small piece of mag- 


he 


made from standard reel type steel tape 








nesium; 4 
necting clip 

The steel tape used in the model 
standard 200-foot reel-type 
tape as supplied to Government 
agencies from the General Sched- 
ule of Supplies. The O-1 DC milli- 
ammeter is a miniature type re- 
quiring only a_ 1-inch-diameter 
mounting hole. It has an internal 
resistance of 25 ohms and is, 
therefore, of high sensitivity. The 
total cost of the author’s electric 
tape amounted to little more thar 
the price of the tape andthe milli- 
ammeter. 

Construction details are mainly 
shown in the photograph. The me 
ter is mounted in a brass rmg that 
is fitted with a threaded stud on 
one side. The stud is screwed into 
the tape reel where the handle is 
normally attached. The handle is 
screwed into a tapped hole in the 
opposite side of the brass ring, and 
the main assembly is complete. 
The author braced the meter- 
mounting ring by means of a short 
brass rod attached to the bottom 
of the mounting ring and to the 
lower part of the reel, as shown in 
the photograph. The brace probab- 
ly is not essential. 

One terminal of the milliam- 
meter is connected to the mount- 
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Continued from Page 8 
take the workin’ people of this 
country, if they aint got a car and 
a TV set an’ automatic washin’ 
machines and the like they think 
they’re abused. Over in Italy if a 
workin’ man gets to own a jackass 
an’ a small parcel of ground to 
raise food on he’s regarded 
success. It’s all a matter of 
we call a standard of livin’; and 
with all our troubles an’ tribula 
tions an’ bellyachin’ the average 
man in this country is miles ahead 
of anyplace else in the whole 
messed up world. So the way | 
figger it fellows, if we'll just 
take time out to think about it, 
got lots to be thankful for 
only because we're livin’ here 
top of that, the outlook is good as 
you can see by the easin’ up on 
materials an’ the gradual liftin’ 
of these burdensome controls an’ 
restrictions. Some of the nations 
may be debatin’ an’ hollering but 
its mostly loud words. They'll find 
a way to settle this rumpus in 
Korea an’ it may be this new 
goverment setup has some plans 
along that line Anyway nobod) 
has come up with any signs of a 
letdown in production an’ that 
ought to mean employment an’ 
payrolls. Every driller who's on 
his toes will find good business so 
we can feel pretty sure that 1953 
will be a good year. I sure hope so 
and our little family wish for you 
all the best of everything May 
vour Christmas be cheerful an’ 
happy 
Yours truly, 
TOM 


—O 


Sandra admitted that, at school, 
she often had to copy from the girl 
next to her. “I can’t see the black 
board,” she excused herself 

Very next day mother took her 
to an oculist. The medico found 
that the girl's eves were better 
than normal. 

“How is it you can’t 
blackboard?” he probed 

“Tell you why, mister. The boy 
sitting in front of me is too tall.” 
4) 

“With just one stroke of a 
brush,” Miss Binks told her fourt} 
graders, “a great artist can change 
a smile on a face toa frown.” 

“That’s nothing,” piped up Wil- 
lie. “So can my mother.’ 





— 


Y’know, a man works all the year 
through for the privilege of enjoyin’ 
a few hours with family, friends an 
a cheerful fireside. The added touch 
of the Christmas season gives us the 
lift that makes life well worth the 


livin’. 


The folks at our house wish you 


all the joys of a relaxingly pleasant 


Christmas day. 


Tom 
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SURFACE and GROUND WATER CONDITIONS end of the year, Water levels in 


Ohio followed seasonal trends with 
levels recovering to near average 


levels in the Spring of 1952. 


Water levels in the glacial 
aquifers in Michigan ground wate? 
levels rose quite generally during 
he veal In Virginia water ievels 
were steady. Ground water levels 
n Kentucky in the Louisville area 
declined about 0.15 foot during the 
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FLORIDA MEETING 
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appear during the meeting mg of ‘ tior ! gy a IOWA MEETING 
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OF WATER 
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The State Board of Conservation 
has authority to promulgate regu 
lations to prevent activities in one 
area or that would 
versely affect the surface or 
ground water supply of 
area or watershed. However, legal 
means of enforcing any such regu 
lations are lacking. 
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“To Our friends: 


‘he realization that your co-operation and 
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unfailing loyalty has made possible the progress 


we have enjoyed enriches our pride in a worth 
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A review of the years gives ample evidence 
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that it is your continued confidence in our 
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service, rather than anything we find reflected 
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in the profit ledger or in plant equipment, that 
shines forth as our most valuable asset and 


bring’s us our greatest satisfaction. 
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“hus, in warm appreciation of our long 


association we Salute you with sincere good 


Dew 


y 
t 


wishes at Christmas time. May the glories of 
the Day be followed by good tidings in the year 


to come. 
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